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(57) ABSTRACT

An inkjet printing apparatus and a method of making gratings
are provided. The inkjet printing apparatus comprises a base;
a platform provided on the base configured to carry a sub-
strate to be processed to linearly move in a first direction on
the surface of the base; and a printhead assembly provided
above the platform, wherein the printhead assembly includes
a printhead support and a plurality of printheads provided on
a side of the printhead support facing the platform, each of the
plurality of printheads is provided with a nozzle, and the
printhead assembly can move linearly in the first direction.
The present invention is adaptable to using inkjet printing
technology to make gratings.
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INKJET PRINTING APPARATUS AND
METHOD OF MAKING GRATINGS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is based on International Application No.
PCT/CN2013/089609 filed on Dec. 16, 2013, which claims
priority to  Chinese National Application No.
201310258000.7 filed on Jun. 26, 2013. The entire contents of
each and every foregoing application are incorporated herein
by reference.

TECHNICAL FIELD

Embodiments of the present invention relate to an inkjet
printing apparatus and a method of making gratings.

BACKGROUND

The Stereo display has become a major trend of the display
field. The basic principle of the stereo display is to give the
stereo perception by binocular parallax, i.e., provide a left eye
with a left-eye image and a right eye with a right-eye image,
and the two offset images are separately present to the leftand
right eye within the time of duration of vision, then, a stereo-
scopic image having a depth will be seen after the brain gets
the two different images.

Currently, a parallax barrier approach 3D is the most popu-
lar 3D display technology, and its basic structure includes a
display unit and a parallax barrier under the display unit. The
parallax barrier is a grating having transmission stripes and
shading stripes arranged alternately, wherein the width of the
transmission region is in a range of 20-70 microns, and the
width of the shading region is about from tens of microns to
hundreds of microns.

A grating is usually made by using photolithography or
inkjet printing technology. When the photolithography is
used to make a grating, it has a high precision, but the process
is very complex and the production efficiency is low. Theo-
retically, an inkjet printing technology can be used to make a
grating, that is, the shading stripes of the grating are directly
printed on a substrate. This method is simple and can improve
the efficiency of making the grating. If the inkjet printing
technology is used to make a grating, after one shading stripe
is printed, the printhead is required to be controlled precisely
to move to a center of a next shading stripe for next printing.
Thus, it requires a displacement control apparatus with a
small stepping to make the grating because the distance
between two adjacent shading stripes in the grating is very
small, while it is hard for a transmission in the conventional
technology to reach such precision, and it is very expensive
even there is such one. The inkjet printing approach is hard to
be implemented.

SUMMARY

Embodiments of the present invention provide an inkjet
printing apparatus and a method of making gratings. The
method can use inkjet printing technology to make high pre-
cise grating without making a apparatus with a small step-
ping. It reduces the cost of making gratings with the inkjet
printing technology and improves the feasibility of making
gratings with the inkjet printing technology.
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An aspect of the present invention provides an inkjet print-
ing apparatus comprising:

a base;

a platform provided on the base configured to carry a
substrate to be processed to move linearly in a first direction
on a surface of the base; and

a printhead assembly provided above the platform,
wherein the printhead assembly includes a printhead support
and a plurality of printheads located on a side of the printhead
support facing the platform, the plurality of printheads are
provided with corresponding nozzles thereon, and the print-
head assembly can move linearly in the first direction.

Another aspect of the present invention provides a method
of making a grating comprising:

operating the printhead to perform a first print for generat-
ing a shading stripe of the grating on the substrate to be
processed;

operating the platform to move a first distance along a first
direction, operating the printhead assembly to move a second
distance along the first direction, operating the printhead to
perform a second print for generating the shading stripe of the
grating on the substrate to be processed in a direction parallel
to the direction of the first printed shading stripe of the grat-
ing, wherein the difference between the first distance and the
second distance is determined from a space between the
stripes to be made; and

repeating the last step until all shading stripes of the grating
are printed.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments according to the present invention will be
described in detail hereinafter in conjunction with accompa-
nying drawings such that those skilled in the art would under-
stand the present invention better, in which:

FIG. 1 is an overall structural schematic view of an inkjet
printing apparatus according to an embodiment of the present
invention;

FIG. 2 is a structural schematic view of a printhead assem-
bly of the inkjet printing apparatus according to an embodi-
ment of the present invention;

FIG. 3 is a structural schematic view of a platform move-
ment assembly of the inkjet printing apparatus according to
an embodiment of the present invention;

FIG. 4 is a structural schematic view of a printhead move-
ment assembly of the inkjet printing apparatus according to
an embodiment of the present invention;

FIG. 5 is a schematic diagram of a specific grating stripes
made by using the method of making a grating according to an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Technical solutions according to the embodiments of the
present invention will be described clearly and completely as
below in conjunction with the accompanying drawings of
embodiments of the present invention. It is apparent that the
described embodiments are only a part of but not all of exem-
plary embodiments of the present invention. Based on the
described embodiments of the present invention, various
other embodiments can be obtained by those of ordinary skill
in the art without creative labor and those embodiments shall
fall into the protection scope of the present invention.

Unless otherwise defined, all the technical and scientific
terms used herein have the same meanings as commonly
understood by one of ordinary skill in the art to which the
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present invention belongs. The terms, such as “first,” “sec-
ond,” or the like, which are used in the description and the
claims of the present application, are not intended to indicate
any sequence, amount or importance, but for distinguishing
various components. Also, the terms, such as “a/an,” “one,” or
the like, are not intended to limit the amount, but for indicat-
ing the existence of at lease one. The terms, such as “com-
prise/comprising,” “include/including,” or the like are
intended to specify that the elements or the objects stated
before these terms encompass the elements or the objects and
equivalents thereof listed after these terms, but not preclude
other elements or objects. The terms, “on,” “under,” “left,”
“right,” or the like are only used to indicate relative position
relationship, and when the position of the object which is
described is changed, the relative position relationship may
be changed accordingly.

FIG. 1 is an overall structural schematic view of an inkjet
printing apparatus according to an embodiment of the present
invention. As shown in FIG. 1, the inkjet printing apparatus
according to an embodiment of the present invention com-
prises a base 1; and a platform 2 disposed on the base 1 for
carrying a substrate 6 to be processed. The platform 2 can
move in a linearly in a first direction on the surface of the base
1. The inkjet printing apparatus further comprises a printhead
assembly 3 disposed above the platform 2. The printhead
assembly 3 includes a printhead support 31 and a plurality of
printheads 32 located on a side of the printhead support 31
facing the platform 2, and each of the plurality of printheads
is provided with a nozzle 33. The printhead assembly 3 can
move in the first direction linearly.

According to the inkjet printing apparatus in the embodi-
ments of the present invention, both the platform 2 and the
printhead assembly 3 can move along the first direction. Dur-
ing making a grating, the platform 3 and the printhead assem-
bly 2 are moved simultaneously, and the difference of dis-
tances generated by moving the platform 3 and the printhead
assembly 2 in the first direction is used for ensuring the space
between two adjacent shading stripes of the grating to be
made. In such a way, the grating with a high precision can be
made without the need of the platform 3 and the printhead
assembly 2 having high movement precision. It reduces the
equipment cost of making gratings with the inkjet printing
technology and improves the feasibility of making gratings
with the inkjet printing technology.

The printhead assembly 3 can have a variety of configura-
tions. For example, as shown in FIG. 1, the printhead assem-
bly 3 comprises a printhead support 31 and a plurality of
printheads 32 arranged with uniform space on a side of the
printhead support 31 facing the platform 2 in the first direc-
tion. Each of the plurality of printheads 32 has a nozzle 33 at
an end thereof facing the platform 2. The diameter of the
nozzle 33 equals to the width of the shading stripes of the
grating to be made and the space between each two of the
nozzles 33 is adjustable. When the printhead assembly 3
according to the embodiment as shown in FIG. 1 is used to
perform grating printing, for printing different specifications
of gratings, the space between each of the nozzles 33 is
adjusted to make it adaptable to the space between the shad-
ing stripes of the grating to be made. Thus, only one set of the
printhead assembly 3 is needed to meet requirements of mak-
ing various specifications of gratings. The nozzle 33 can be
connected with the printhead 32 in various ways, for example,
a long slot is formed at an end of the printhead 32 facing the
platform 2 in a first direction, and then the nozzle 33 is
fastened on the slot through a bolt. When the adjustment is
needed, it is only required to release the bolt, and the adjust-
ment is implemented by sliding the nozzle 33 in the long slot.
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However, such an adjustable mechanism needs to be cali-
brated as the space between each of the nozzles 33 would
occur a slight change after several printings are performed,
thus the printhead assembly 3 of the embodiment shown in
FIG. 3 is suitable for making small amount of gratings with
different specifications.

According to above embodiment, other ways to adjust the
positions of the nozzles are conceivable for those skilled in
the art.

The printhead assembly 3 can be arranged as shown in FI1G.
2. The printhead assembly 3 comprises a printhead support 31
and printheads 34 located on a side of the printhead support
31 facing the platform 2. The printhead 34 is provided with a
barrier 35 at a side facing the platform 2, and a plurality of jet
or spout openings 36 are arranged on the barrier 35 with
uniform space therebetween in a first direction. The diameter
of'the openings 36 is equal to the width of the shading stripes
of the grating to be made. When the printhead assembly 3
according to the embodiment shown in FIG. 2 is used to
perform grating printing, for printing different specifications
of gratings, the barriers 35 can be equipped with opening
designs with different spaces between the openings. For
example, the barriers with openings having different spaces
therebetween are made with a molding technology. For
example, the openings 36 are formed on the barriers 35,
which are adaptable to the space between the shading stripes
of the grating to be made, and it only needs to mount a
corresponding barrier 35 when making a grating. Such
approach is easy to operate and can ensure the precision of the
space between the openings 36. However, since different
specifications of gratings require different specifications of
barriers 35, the printhead assembly 3 according to the
embodiment of FIG. 2 is suitable for making a large amount
of gratings having the same specification.

According to above embodiment, other ways to adjust
spaces between the openings are conceivable to those skilled
in the art.

There are many ways for moving the platform 2 and the
printhead assembly 3, which are only needed to meet the
requirement that the platform 2 and the printhead assembly 3
can move on the plane of the platform 2 in same linear
direction. For example, the driving mode can be selected
from: a guide screw and a screw nut, a belting or a linear
motor, and the structures thereof are common mechanical
transmission mechanisms which can be implemented by
those skilled in the art. Referring to FIG. 3, it shows a plat-
form movement assembly 7 for controlling the movement of
the platform according to an embodiment. When the platform
2 is required to move along the first direction, a guide screw is
provided under the platform 2, a screw nut 74 is fitly con-
nected with the guide screw 73, and the guide screw is
arranged in the first direction. One end of the guide screw 73
is connected with a motor 71 through a gearbox 72, and the
motor 71 is fixed on the base 1. Such structure has a low cost.

FIG. 4 shows a printhead movement assembly 8 for con-
trolling the movement of the printhead assembly 3 according
to anembodiment. The printhead movement assembly 8 com-
prises a magnetic track 81 and a thrust coil 82. When the
printhead assembly 3 is required to move along the first
direction, it only needs to arrange the magnetic track 81 ofthe
linear motor along the first direction, and then connect the
printhead support 31 of the printhead assembly 3 with the
thrust coil 82 of the linear motor. Such structure has a high
transmission precision.

Further, for example, as shown in FIG. 1, it is preferable to
configure an ink reservoir 4 for improving the amount of ink
contained in the apparatus, saving the time of frequently
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filling inks and improving production efficiency. The ink
reservoir 4 is communicated to the printhead 3 and continu-
ously supplies inks to the printhead.

Further, as shown in FIG. 1, the printing system of the
present application can includes a positioning device 5 to
accurately and easily mount the substrate to be processed.
The positioning device 5 is disposed on the printhead support
31 and used to position the relative location of the substrate 6
to be processed with respect to the printhead support 31.

Embodiments of the present invention also provide a
method of making a grating with the inkjet printing apparatus
according to any one of above embodiments. The method
comprises:

operating the printhead to perform a first print for generat-
ing a shading stripe of the grating on the substrate to be
processed;

operating the platform 2 to move a first distance along a
first direction, operating the printhead assembly 3 to move a
second distance along the first direction, operating the print-
head to perform a second print for generating the shading
stripe of the grating on the substrate 6 to be processed in a
direction parallel to the direction of the first printed shading
stripe of the grating, wherein the difference between the first
distance and the second distance is determined from a space
between the stripes to be made; and

repeating the last step until all shading stripes of the grating
are printed.

In the method of making gratings according to the embodi-
ments of the present invention, as both the platform 2 and the
printhead assembly 3 can move along the first direction, dur-
ing making gratings, the platform 3 and the printhead assem-
bly 2 are moved simultaneously, the difference of distances
generated by moving the platform 3 and the printhead assem-
bly 2 in the first direction is used for ensuring the space
between two adjacent shading stripes of the grating to be
made. Thus, the grating can be made with a high precision
without the need of the platform 3 and the printhead assembly
2 having high movement precision. It reduces the equipment
cost of making gratings with the inkjet printing technology
and improves the feasibility of making gratings with the
inkjet printing technology.

For example, when the grating to be made is a grating with
equally spaced shading stripes and the space between the
centers of two adjacent shading stripes of the grating to be
made is W, the method of printing the shading stripes is as
followed:

adjusting an absolute value V of the difference between the
first distance and the second distance, the number N of the
nozzles and the center distance B between two adjacent
nozzles, to allow them satisfying the following conditions:

both B and V are a positive integer multiple of W;

at least one of B and V are an odd multiple of W;

V<B(N-1)+W;

when B=W, B=V,

operating the printhead to perform a first print for generat-
ing a shading stripe of the grating on the substrate to be
processed;

operating the platform 2 to move a first distance along the
first direction, operating the printhead assembly 3 to move a
second distance along the first direction, operating the print-
head to perform a second print for generating the shading
stripe of the grating on the substrate to be processed; and

repeating the last step until all shading stripes of the grating
are printed.

When the method according to the embodiment is used to
print a grating, first, the parameters V, B and N are adjusted
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according to the W of the grating to be printed to allow them
satisfying the above conditions. The principles of above con-
ditions are discussed below:

(1) Bis apositive integer multiple of W: this condition aims
to ensure the space between the shading stripes of the grating
printed by each of the nozzles/openings is a positive integer
multiple of W during the same printing;

(2)Vis apositive integer multiple of W: this condition aims
to ensure the space between the shading stripes of the gratings
printed by the same nozzle/opening is a positive integer mul-
tiple of W during the multiple of printings;

(3)atleast one of B and V is odd multiple of W: as the space
between the printed adjacent shading stripes of grating(s) is
even multiple of W when B is even multiple of W, and if V also
is even multiple of W, the space between the shading stripes of
gratings printed by the same nozzle/opening also is even
multiple of W during the various printings, that is, only the
shading stripes of gratings of space 2W can be printed, but the
shading stripes of gratings of the space W cannot be printed.
Thus, this condition aims to ensure that the shading stripes of
gratings with the space W can be printed;

(4) V=B (N-1)+W: this condition limits the minimum
number of nozzles/openings, which aims to ensure the space
between the shading stripes of gratings through many
nozzles/openings performing a multiple of printings when the
space between the shading stripes of gratings cannot be
ensured only by V value;

(5) if B=W, B=V: if B=W, B=V, the space between the
printed shading stripes of gratings cannot equal to W no
matter how many times the printings are performed, as such,
the shading stripes of the gratings with a space W between
adjacent two of them cannot be made.

As shown in FIG. 5, FIG. 5 is a schematic diagram of the
shading stripes of the grating made using the above method.
The stripes having same width represent the stripes printed in
the same printing in FIG. 5. The stripes from thick to thin
(from broad to narrow) in the figure respectively represent the
first printed shading stripes of the grating, the second printed
shading stripes of the grating . . . , the fifth printed shading
stripes of the grating. The shading stripes of the grating are
designed to have different width in the schematic diagram
solely for the purpose of easily distinguished. The actually
printed shading stripes of the grating each have same width.
In this embodiment, the parameters V, N, B and W satisfy the
following relationships: V=4W, B=5W and N=7.

The embodiments of the present invention provide a
method of making gratings, which can make high precise
gratings without making a driving device having a small
stepping. It reduces the equipment cost of making gratings.
This method is simple, easy to operate and can make gratings
with high efficiency.

The embodiments present invention provide an inkjet
printing apparatus and a method of making gratings. As both
the platform and the printhead assembly can move along the
first direction, during making gratings, the platform and the
printhead assembly are moved simultaneously, the difference
of distances generated by moving the platform and the print-
head assembly in the first direction is used for ensuring the
space between two adjacent shading stripes of the gratings to
be made. Thus, the gratings can be made with high precision
without the need of the platform and the printhead assembly
having high movement precision. It reduces the equipment
cost of making gratings with the inkjet printing technology
and improves the feasibility of making gratings with the
inkjet printing technology.

The above described are only exemplary embodiments of
the present application, but not intended to limit the scope of
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the present invention. It is apparent that those skilled in the art
can make various modifications and variations to the present
invention without departing from the spirit and scope of the
present invention, and it is intended that the present invention
contains these modifications, variations and any equivalents
that fall into the scope of the present invention.

What is claimed is:

1. An inkjet printing apparatus, comprising:

a base;

a platform provided on the base configured to carry a
substrate to be processed to linearly move in a first
direction on the surface of the base;

a printhead assembly provided above the platform,
wherein the printhead assembly includes a printhead
support and a plurality of printheads provided on a side
of' the printhead support facing the platform, each of the
plurality of printheads is provided with a nozzle, and the
printhead assembly can move linearly in the first direc-
tion; and

a platform movement assembly, the platform movement
assembly including a guide screw provided under the
platform, and a screw nut fitly connected to the guide
screw, wherein the guide screw is arranged in the first
direction; and one end of the guide screw is connected
with a motor through a gearbox, and the motor is fixed on
the base.

2. The inkjet printing apparatus according to claim 1,
wherein the plurality of printheads are arranged with uniform
space therebetween on the side of the printhead support fac-
ing the platform in the first direction, the nozzle has a diam-
eter which is equal to a width of a shading stripe of a grating
to be made, and a space between each two of the nozzles is
adjustable.

3. The inkjet printing apparatus according to claim 2, fur-
ther comprising a platform movement assembly, the platform
movement assembly includes a guide screw provided under
the platform, and a screw nut fitly connected to the guide
screw, wherein the guide screw is arranged in the first direc-
tion; and one end of the guide screw is connected with a motor
through a gearbox, and the motor is fixed on the base.

4. The inkjet printing apparatus according to claim 2, fur-
ther comprising a printhead movement assembly, the print-
head movement assembly is a linear motor, wherein the linear
motor includes a magnetic track and a thrust coil disposed on
the magnetic track and moved linearly along the magnetic
track, wherein the magnetic track is arranged along the first
direction, and the thrust coil is connected with the printhead
support.

5. The inkjet printing apparatus according to claim 1, fur-
ther comprising a printhead movement assembly, the print-
head movement assembly is a linear motor, wherein the linear
motor includes a magnetic track and a thrust coil disposed on
the magnetic track and moved linearly along the magnetic
track, wherein the magnetic track is arranged along the first
direction, and the thrust coil is connected with the printhead
support.

6. The inkjet printing apparatus according to claim 1, fur-
ther comprising an ink reservoir, the ink reservoir is commu-
nicated to the plurality of printheads for supplying inks to the
plurality of printheads.

7. The inkjet printing apparatus according to claim 1, fur-
ther comprising a positioning device, the positioning device
is disposed on the printhead support configured to position
the substrate to be processed and the printhead support.
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8. An inkjet printing apparatus, comprising:

a base;

a platform provided on the base configured to carry a
substrate to be processed to linearly move in a first
direction on the surface of the base; and

a printhead assembly provided above the platform,
wherein the printhead assembly includes a printhead
support and at least a printhead provided on a side of the
printhead support facing the platform, the printhead is
provided with a plurality of spout openings, and the
printhead assembly can move linearly in the first direc-
tion, a platform movement assembly, the platform
movement assembly includes a guide screw provided
under the platform, and a screw nut fitly connected to the
guide screw, wherein the guide screw is arranged in the
first direction; and one end of the guide screw is con-
nected with a motor through a gearbox, and the motor is
fixed on the base.

9. The inkjet printing apparatus according to claim 8,
wherein the printhead is provided with a barrier at a side
facing the platform, and a plurality of spout openings are
arranged with equal space therebetween on the barrier in the
first direction, the openings has a diameter which is equal to
a width of a shading stripe of a grating to be made.

10. The inkjet printing apparatus according to claim 8,
further comprising a printhead movement assembly, the
printhead movement assembly is a linear motor, wherein the
linear motor includes a magnetic track and a thrust coil dis-
posed on the magnetic track and moved linearly along the
magnetic track, wherein the magnetic track is arranged along
the first direction, and the thrust coil is connected with the
printhead support.

11. The inkjet printing apparatus according to claim 10,
further comprising a printhead movement assembly, the
printhead movement assembly is a linear motor, wherein the
linear motor includes a magnetic track and a thrust coil dis-
posed on the magnetic track and moved linearly along the
magnetic track, wherein the magnetic track is arranged along
the first direction, and the thrust coil is connected with the
printhead support.

12. The inkjet printing apparatus according to claim 8,
further comprising an ink reservoir, the ink reservoir is com-
municated to the printhead for supplying inks to the plurality
of printheads.

13. The inkjet printing apparatus according to claim 8,
further comprising a positioning device, the positioning
device is disposed on the printhead support configured to
position the substrate to be processed and the printhead sup-
port.

14. The inkjet printing apparatus according to claim 8,
wherein the printhead is provided with a barrier at a side
facing the platform, and a plurality of spout openings are
arranged with equal space therebetween on the barrier in the
first direction, the openings has a diameter which is equal to
a width of a shading stripe of a grating to be made.

15. An inkjet printing apparatus, comprising:

a base;

a platform provided on the base configured to carry a
substrate to be processed to linearly move in a first
direction on the surface of the base; and

a printhead assembly provided above the platform,
wherein the printhead assembly includes a printhead
support and a plurality of printheads provided on a side
of the printhead support facing the platform, each of the
plurality of printheads is provided with a nozzle, and the
printhead assembly can move linearly in the first direc-
tion,
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wherein the plurality of printheads are arranged with uni-
form space therebetween on the side of the printhead
support facing the platform in the first direction, the
nozzle has a diameter which is equal to a width of a
shading stripe of a grating to be made, and a space
between each two of the nozzles is adjustable.

16. The inkjet printing apparatus according to claim 15,
further comprising a platform movement assembly, the plat-
form movement assembly includes a guide screw provided
under the platform, and a screw nut fitly connected to the
guide screw, wherein the guide screw is arranged in the first
direction; and one end of the guide screw is connected with a
motor through a gearbox, and the motor is fixed on the base.

17. The inkjet printing apparatus according to claim 15,
further comprising a printhead movement assembly, the
printhead movement assembly is a linear motor, wherein the
linear motor includes a magnetic track and a thrust coil dis-
posed on the magnetic track and moved linearly along the
magnetic track, wherein the magnetic track is arranged along
the first direction, and the thrust coil is connected with the
printhead support.

18. The inkjet printing apparatus according to claim 15,
further comprising an ink reservoir, the ink reservoir is com-
municated to the plurality of printheads for supplying inks to
the plurality of printheads.

19. The inkjet printing apparatus according to claim 15,
further comprising a positioning device, the positioning
device is disposed on the printhead support configured to
position the substrate to be processed and the printhead sup-
port.
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